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1. Introduction
The equivalent PLMN (ePLMN) list was introduced in the R99 version of the 3GPP specifications when only GERAN and UTRAN were defined by 3GPP. This list allows among other things inter-PLMN cell (re-)selection and the maintenance of the contexts of the UE in case of inter-PLMN mobility. Hence, the ePLMN list can be used to consider multiple different PLMN identities (ids) to be equivalent of each other so this list is useful for operators in order to share infrastructure and enables a UE with a subscription with one operator to access the network of another one (see 3GPP TS 23.122 [1]).

With the specification of E-UTRAN, the ePLMN list was reused in a similar way as per existing defined behaviour for GERAN and UTRAN including the cases of maintenance and deletion of the ePLMN list upon receipt of reject cause values (see 3GPP TS 24.008 [2], and 24.301 [3]). However, it is observed that in some cases the maintenance of the ePLMN list as currently defined by 3GPP TS 24.301 [3] results in undesirable effects.
This paper analyzes the standardized UE behaviour on receipt of the reject cause #14 (EPS services not allowed in this PLMN),and provides a proposal to improve the behaviour by deleting the ePLMN list.
2. Discussion
2.1 Analysis of the situation in S1 mode
The equivalent PLMN (ePLMN) list allows a network to provide the UE with a list of PLMN identities (ids). The UE adds the PLMN id of the current network to the received ePLMN list before storing it. The PLMN ids stored in the list are considered as equivalent to each other for the purposes of PLMN selection, cell (re-)selection procedures. The UE adds the PLMN id of the current network (PLMN) to the received ePLMN list before storing it. The UE uses the ePLMN list in NAS and AS and can select a cell belonging to an equivalent PLMN for obtaining service (see 3GPP TS 23.122 [1]).
The ePLMN list concept was added when S1 mode was not even thought yet (in R99). Also, not only are there multi-mode UE implementations, but also S1-only mode UEs. 

In S1 mode, if the UE receives an EMM message with reject cause value #14 (EPS services not allowed in this PLMN), the UE is mandated to keep the ePLMN list. This UE mandatory action was inhereted (copied) from A/Gb and Iu mode, i.e., 3GPP TS 24.008 [2]. In A/Gb and Iu mode, this is actually needed since it allows the UE to remain in the same(current) PLMN or ePLMN, since the UE, which was IMSI attached,  remains IMSI attached, and may be able to attempt CS domain services. 
The case of a UE receiving #14 in S1 mode is a bit different. In order to evaluate of whether the UE needs to delete the ePLMN list in S1 mode, the key point is to bear in mind that the ePLMN list is provided by NAS to AS and used for cell (re-)selection purposes. Also, the “forbidden PLMNs for GPRS service” list is not used by AS at all (see 3GPP TS 36.304 [4]).

In S1 mode, on receipt of #14, if the UE was IMSI attached, it remains IMSI attached, and therefore depending on the mode of operation and the support of A/Gb or Iu mode the UE may immediately select GERAN or UTRAN, so the deletion of the ePLMN list may result in drawbacks depending on the UE mode of operation and whether other modes are supported (since the ePLMNs list is common for all EMM, GMM, and MM entities). Let’s take as an example the defined UE on receipt of cause #14 during a combined attach procedure, quote of §5.5.1.3.5, 3GPP TS 24.301 [3]:

#14   (EPS services not allowed in this PLMN);

      The UE shall set the EPS update status to EU3 ROAMING NOT ALLOWED (and shall store it according to subclause 5.1.3.3) and shall delete any GUTI, last visited registered TAI and eKSI. Additionally the UE shall reset the attach attempt counter and enter the state EMM-DEREGISTERED.PLMN-SEARCH.

      The UE shall store the PLMN identity in the "forbidden PLMNs for GPRS service" list.

      A UE operating in CS/PS mode 1 which is already IMSI attached for non-EPS services in the network is still IMSI attached for non-EPS services in the network. 

      A UE operating in CS/PS mode 1 may select GERAN or UTRAN radio access technology and proceed with the appropriate MM specific procedure according to the MM service state. In this case the UE shall not reselect E-UTRAN radio access technology for the duration the UE is on the PLMN or an equivalent PLMN.

      A UE in CS/PS mode 1 of operation may perform a PLMN selection according to 3GPP TS 23.122 [6].
      A UE operating in CS/PS mode 2 which is already IMSI attached for non-EPS services in the network is still IMSI attached for non-EPS services in the network.

      A UE operating in CS/PS mode 2 of operation shall perform a PLMN selection according to 3GPP TS 23.122 [6].
      If A/Gb mode or Iu mode is supported by the UE, the UE shall in addition handle the GMM parameters GMM state, GPRS update status, P-TMSI, P-TMSI signature, RAI, GPRS ciphering key sequence number and GPRS attach attempt counter as specified in 3GPP TS 24.008 [13] for the case when the combined attach procedure is rejected with the GMM cause with the same value.

However, if the rejecting PLMN (which provides #14) is contained in the ePLMNs list, the ePLMN list should in principle become invalid in the UE (so it should be deleted), though the PLMN id is added to the “forbidden PLMNs for GPRS service” list. Since though NAS will not select this PLMN id in a further PLMN selection procedure (except for manual selection), the problem is that AS can end up in camping on the current PLMN again (by selecting a cell of the rejecting PLMN since it is can anyhow result to be equivalent to the RPLMN) when it could be other available PLMN(s) which may provide service (The UE may end up in camping on this PLMN in limited service when service from other PLMN(es) could be possible).

2.2 Proposal

In short, if the PLMN id, which rejects with #14, is contained in the ePLMNs list, then the AS will still use the ePLMNs list for cell selection/reselection procedure, and therefore can select this (forbidden) PLMN by camping on a cell of it. Hence, it seems useful to make sure that a cell of the current PLMN is no longer considered as suitable by lower layers but only for the case when the UE performs PLMN selection on receipt of #14 (see quotation above highlights in green).

3. Conclusion

On receipt of reject cause #14 (EPS services not allowed in this PLMN) the UE keeps the ePLMN list, and this list is still used by AS for cell (re-)selection procedure. AS can therefore end up in camping on the current PLMN again (by selecting a cell of this PLMN if is contained in the ePLMN list) when it could be other available PLMN(s) which may provide service.
Based on the analysis provided in this paper, it is propose to delete the ePLMN list on receipt of reject cause #14 for the case the UE does not reselect to GERAN/UTRAN.
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